kinesin catastrophe modulator-1 (XKCM1), is a member Berkeley, California 94720 of the KinI family of kinesins that destabilizes microtubules by peeling apart protofilaments [11] . A soluble pool of XMCAK plays a major role in the global regulation Summary of microtubules, whereas a centromere-localized pool regulates the proper attachment of kinetochore microtuDuring cell division, the proper formation of a bipolar bules [10, 12, 13]. To determine if the APC-depletion spindle and its function to segregate chromosomes spindle phenotype was related to misregulation of requires precise coordination of microtubule-stabiliz-XMCAK, we tested both of our APC antibodies to ascering and destabilizing activities. Globally destabilized, tain if either was codepleting XMCAK from extracts. dynamic microtubules radiating from duplicated cenSurprisingly, the antibody against the carboxyl-terminus trosomes are locally regulated by chromosomes [1].
amino-terminal APC antibodies, we next tested whether as globally, we examined its mitotic localization in cywe could rescue the large spindle phenotype in these cled egg extracts. APC has been previously observed extracts (referred to as APC/XMCAK-depleted extracts) at the kinetochore and along spindle microtubules [6-9]. by the addition of recombinant XMCAK (Figures 1B-1D) .
In extract reactions that had been cycled through in-A rescue was apparent, as the average area of the microterphase to allow DNA and kinetochore replication, then tubule arrays was reduced by greater than 95%, and back into mitosis, APC antibody stained spindle microbipolar spindles with aligned chromosomes were obtubules and several locations on the chromosomes (Figserved. Although, in the add-back experiment, XMCAK ures 3A-3G and 3L). To determine APC's precise chrowas restored to approximately endogenous levels (Figmosome localization, we costained for BubR1, a protein ure 1D), the spindles were smaller than the mockthat localizes to the kinetochore of each sister chromadepleted control reaction ( Figure 1C 3H, 3I, and 3L) . We spindles. However, microtubules are probably not necessary for bringing APC itself to the kinetochore in mamalso observed a few examples of XMCAK at the kinetochore ( Figures 3J, 3K, and 3L) 4A-4C) . We propose that once the kinetochore/ for their localization [19, 20] . Because we observed a microtubule attachment has been established, APC can significant pool of APC at the inner centromere in extract travel between the microtubule and centromere/kinetospindles, we tested whether microtubules were required chore perhaps in response to tension. for APC localization to chromosomes in this system. Extracts were cycled through interphase and back into mitosis in the presence of a nocodazole. Under these APC Localizes to the Centromere/Kinetochore in the Absence of XMCAK conditions, centromeric and kinetochore localization cannot be distinguished. In this situation, APC colocalBecause APC and XMCAK can interact in extracts, we next wanted to test whether APC localization to the ized with BubR1 at the centromere/kinetochore region in the absence of microtubules (Figures 4A-4C) . In centromere requires XMCAK. As a result of the dense microtubule network surrounding the chromosomes in agreement with previous work, we found that XMCAK also localized to the centromere/kinetochore in the abthe XMCAK-depleted extracts, we were unable to detect any kinetochore or centromere components by immunosence of microtubules (Figures 4G-4I) [20] . Because the APC results are in contrast to those in mammalian cells fluorescence (data not shown). We therefore cycled the chromosomes in XMCAK-depleted extracts in the pres-[6, 7], it is possible that in the absence of microtubules we are specifically observing the localization of the cenence of nocodazole. Under these conditions, APC was able to localize to the centromere/kinetochore in the tromere binding pool of APC that is unique to extract 4D-4F and 4J-4L) . We next the APC complex contains the centromere localization domain of XMCAK [12] . However, we were unable to wanted to perform the reciprocal experiment to determine if XMCAK requires APC for centromere localizacompletely deplete APC from the extracts. Given that XMCAK is found primarily at the inner centromere of tion. An indirect piece of evidence for this model is the fact that the amino terminus of XMCAK that binds to metaphase chromosomes, yet 54% of chromosome of mitotic chromosomes. Although neither APC nor XMCAK appears to be necessary for the localization of the other protein to the centromere, it is possible that the soluble APC/XMCAK complex we have identified localizes to the chromosome-microtubule attachment site via other members of the complex or that the complex can reassemble on the chromosome. The activity of the two proteins could then be modulated locally to control the attachment of microtubules to chromosomes.
Conclusions
We have shown that APC and XMCAK are present in a complex in cytoplasmic extracts. Furthermore, these proteins can both localize to the centromere and kinetochore regions of mitotic chromosomes. Such a complex could allow for the direct regulation of their opposing activities by additional factors, thereby providing for the precise control of microtubule dynamics, both globally and at microtubule-chromosome attachment sites. 
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